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(54) HEAT EXCHANGE SYSTEM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a cooling 
system in which even if there is leakage of a specific 
gas, into a cooling liquid, the gas is not allowed to stay 
the as is. 

SOLUTION: Hydrogen sensors 50 and 52 are instilled on 
both a radiator gap 18, situated on the uppermost part of 
a radiator 10 and an upper part of a reserve tank 20. 
These hydrogen sensors 50 and 52 are designed to give 
a detection signal, when catching even a small amount 
of hydrogen, if there were hydrogen in the gas. A 
controller part 90 inputs a detection signal from the 
hydrogen sensors 50 and 52, and sends a signal for 
driving, if a leakage of hydrogen into a cooling liquid is 
detected. An alarming lamp 92 for a hydrogen leakage 
flickers, when a signal for driving from the controller 90 is input 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2 **** s hows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim l] A heat exchange system with possible supplying heat exchange data medium 
to a fuel cell which generates power in response to supply of specific gas characterized 
by providing the following, and making heat exchange perform to it between said fuel 
cells A heat exchange means to perform heat exchange between said heat exchange data 
medium Heat exchange data-medium passage for circulating said heat exchange data 
medium possible [ heat exchange ] between this heat exchange means and said fuel cell 
[Claim 2] A heat exchange system which gas occlusion equipment equipped with a gas 
occlusion alloy which occlusion of the specific gas is carried out, or can emit said heat 
exchange data medium which was able to be warmed with this heating element while 
supplying heat exchange data medium characterized by providing the following to a 
predetermined heating element and making heat exchange perform between these 
heating elements is supplied, and can heat said gas occlusion alloy A heat exchange 
means to perform heat exchange between said heat exchange data medium Heat 
exchange data" medium passage for circulating said heat exchange data medium from 
this heat exchange means possible [ heat exchange ] to said heat exchange means 
through said heating element and gas occlusion equipment 

[Claim 3] When an amount of said heat exchange data medium through which it 
circulates becomes superfluous in a heat exchange system according to claim 1 or 2 A 
heat exchange system characterized by forming said gas sensitive detector means in at 
least one of said heat exchange means, heat exchange data-medium passage, and said 
heat exchange data-medium are recording means while having further a heat exchange 
data-medium are recording means which can store said heat exchange data medium of a 
part which became superfluous at least. 

[Claim 4] Said gas sensitive detector means is a heat exchange system characterized by 
a location being higher than other portions which approach [ in / on a heat exchange 
system of one publication of arbitration of claim 1 thru/or the claims 3, and / said heat 
exchange means or heat exchange data-medium passage ], or capacity arranging to a 
large particular part. 
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[Claim 5] A heat exchange system characterized by having further a warning 
generating means which emits predetermined warning in a heat exchange system of 
one publication of arbitration of claim 1 thru/or the claims 4 when exsorption of said 
specific gas to the inside of said heat exchange data medium is detected by said gas 
sensitive detector means. 

[Claim 6] It is the heat exchange system characterized by having a hydrogen detection 
means by which said gas sensitive detector means detects hydrogen as said specific gas 
in a heat exchange system of one publication of arbitration of claim 1 thru/or the claims 
5. 

[Claim 7] It is the heat exchange system characterized by attaching said gas sensitive 
detector means in a radiator cap at the topmost part of said radiator while said heat 
exchange means is equipped with a radiator in a heat exchange system of one 
publication of arbitration of claim 1 thru/or the claims 6. 

[Claim 8] It is the heat exchange system characterized by attaching said gas sensitive 
detector means in the upper part of said reserve tank while said heat exchange 
data-medium are recording means is equipped with a reserve tank in a heat exchange 
system of one publication of arbitration of claim 3 thru/or the claims 7. 
[Claim 9] Vehicles characterized by carrying a heat exchange system of one publication 
of arbitration of claim 1 thru/or the claims 8. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the heat 
exchange system which heat exchange is made to perform between the fuel cell, or heat 
exchange data medium is supplied to a fuel cell, and heat exchange data medium which 
was able to be warmed by having made heat exchange perform between heating 
elements is supplied to gas occlusion equipments, such as a hydrogen gas occlusion alloy 
tank, and can heat the gas occlusion equipment. 
[0002] 

[Description of the Prior Art] Generally, in response to supply of the fuel gas which 
contained hydrogen in the fuel cell, and the oxidation gas containing oxygen, a lifting 
and power are generated for electrochemical reaction in an anode and a cathode 
according to a reaction formula as shown below. 

[0003] That is, if fuel gas is supplied to an anode and oxidation gas is supplied to a 
cathode, respectively, the reaction of a formula (l) will occur in an anode side, the 
reaction of a formula (2) will occur in a cathode side, respectively, and the reaction of a 
formula (3) will be performed as the whole fuel cell. 
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[0004] 

H2 •> 2H++2e- - (l) 
2H++2e-+(l/2) 02 -> H20 - (2) 
H2+(l/2) 02 •> H20 - (3) 

[0005] Since this electrochemical reaction is exothermic reaction, in order to make it 
temperature not go up beyond necessity, it needifto cool the inside of a fuel cell in an 
anode and a cathode. Then, he supplies the cooling water which is heat exchange data 
medium cooled with the radiator to a fuel cell through a cooling water way, and is trying 
to usually cool the inside of a fuel cell by the heat exchange system. As this kind of a 
heat exchange system for fuel cells, the thing of a publication is mentioned to 
JP,7-66828,B, for example. 

[0006] On the other hand, the fuel gas supplied to a fuel cell may be supplied to the 
interior from the hydrogen storing metal alloy tank equipped with the hydrogen storing 
metal alloy. Generally, if a hydrogen storing metal alloy is heated, it will produce 
endothermic reaction, will emit hydrogen, and when it cools, it has the property which 
produces an exothermic reaction and carries out occlusion of the hydrogen. Therefore, in 
order to take out hydrogen from a hydrogen storing metal alloy, it is necessary to heat 
the hydrogen storing metal alloy in a hydrogen storing metal alloy tank if needed. Then, 
he supplies the cooling water which is heat exchange data medium which was able to be 
warmed by having made heat exchange perform among heating elements, such as a fuel 
cell, to a hydrogen gas occlusion alloy tank through a cooling water way, and is trying to 
heat the inside of a hydrogen storing metal alloy tank by the heat exchange system to a 
hydrogen storing metal alloy tank. 
[0007] 

[Problem(s) to be Solved by the Invention] In order to cool it to a fuel cell by the heat 
exchange system, and to heat it to a hydrogen storing metal alloy tank, the cooling 
water which is heat exchange data medium is supplied [ as described above, ]. 
[0008] Usually, the cooling water supplied in the fuel cell is completely separated by the 
separator with fuel gas and oxidation gas for every single cel. However, when the fuel 
cell was used over the long period of time, the seal member which is carrying out the 
seal of the periphery of the above-mentioned separator deteriorated, and there was a 
case where fuel gas and oxidation gas leaked out in cooling water. 

[0009] Moreover, the cooling water supplied in the hydrogen storing metal alloy tank is 
flowing the inside of the pipe plotted in the tank, and is isolated completely [ hydrogen 
gas (namely, fuel gas) ]. However, also when the wall surface of a pipe deteriorated and 
hydrogen gas leaked out in cooling water by use over a long period of time, it was. 
[00 10] However, in the conventional heat exchange system, even if gas, such as fuel gas 
and oxidation gas, leaked out in this way in the cooling water which is heat exchange 
data medium, the cure to it was not taken at all. Therefore, there were problems, such 
as heat exchange performance degradation by the gas in cooling water. 
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[00 11] Therefore, the purpose of this invention is offering-heat exchange system which 
is not left as it is **** even if it solves the trouble of the above-mentioned conventional 
technology and specific gas leaks out in heat exchange data medium. 
[0012] 

[The means for solving a technical problem, and its operation and effect] In order to 
attain a part of above-mentioned purpose [ at least ], the 1st heat exchange system of 
this invention Heat exchange data medium is supplied to the fuel cell which generates 
power in response to supply of specific gas. A heat exchange means to be a heat 
exchange system with possible making heat exchange perform between said fuel cells, 
and to perform heat exchange between said heat exchange data medium, While having 
the heat exchange data-medium passage for circulating said heat exchange data 
medium possible [ heat exchange ] between this heat exchange means and said fuel cell 
Let it be a summary to have established a gas sensitive detector means to detect said 
specific gas leaked in said heat exchange data medium to at least one among said heat 
exchange means and heat exchange data-medium passage. 

[0013] Moreover, while the 2nd heat exchange system of this invention supplies heat 
exchange data medium to a predetermined heating element and making heat exchange 
perform between these heating elements In the heat exchange system which gas 
occlusion equipment equipped with the gas occlusion alloy which occlusion of the 
specific gas is carried out, or can emit said heat exchange data medium which was able 
to be warmed with this heating element is supplied, and can heat said gas occlusion 
alloy While having the heat exchange data-medium passage for circulating said heat 
exchange data medium possible [ heat exchange ] to said heat exchange means through 
said heating element and gas occlusion equipment from a heat exchange means to 
perform heat exchange, and this heat exchange means, between said heat exchange 
data medium Let it be a summary to have established a gas sensitive detector means to 
detect said specific gas leaked in said heat exchange data medium to at least one among 
said heat exchange means and heat exchange data- medium passage. 
[0014] Thus, he is trying to form a gas sensitive detector means in the heat exchange 
system of this invention in at least one of a heat exchange means to perform heat 
exchange between heat exchange data medium, and the heat exchange data-medium 
passage for circulating heat exchange data medium. 

[0015] Therefore, since according to the heat exchange system of this invention that can 
be detected immediately and can be told with a gas sensitive detector means even if 
specific gas leaks out in heat exchange data medium, it is not left as it is. Therefore, the 
heat exchange performance degradation by air-bubbles-izing of specific gas is avoidable. 
[0016] In the heat exchange system of this invention, when the amount of said heat 
exchange data medium through which it circulates becomes superfluous, while having 
further the heat exchange data-medium are recording means which can store said heat 
exchange data medium of the part which became superfluous at least, it is desirable to 
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form said gas sensitive detector means in at least one of said heat exchange means, heat 
exchange data-medium passage, and said heat exchange data-medium are recording 
means. 

[0017] Thus, when it has further a heat exchange data-medium are recording means, 
even if it forms a gas sensitive detector means in the heat exchange data-medium are 
recording means, the above-mentioned effect can be done so. 

[0018] In the heat exchange system of this invention, in said heat exchange means or 
heat exchange data-medium passage, said gas sensitive detector means has a location 
higher than other approaching portions, or it is desirable that capacity arranges to a 
large particular part. 

[0019] Usually, the location of gas is high or exsorption of the specific gas to the inside of 
heat exchange data medium can be detected more more certainly than early by being 
that of an assembly or a cone and arranging a gas sensitive detector means in such a 
location in the location where capacity is large. 

[0020] In the heat exchange system of this invention, when exsorption of said specific 
gas to the inside of said heat exchange data medium is detected by said gas sensitive 
detector means, it is desirable to have further the warning generating means which 
emits predetermined warning. By having such a means, exsorption of the specific gas to 
the inside of heat exchange data medium can be told intelligibly for a user. 
[0021] As for said gas sensitive detector means, in the heat exchange system of this 
invention, it is desirable to have a hydrogen detection means to detect hydrogen as said 
specific gas. With a fuel cell or gas occlusion equipment, it is because hydrogen is 
mainly used as specific gas. 

[0022] In the heat exchange system of this invention, while said heat exchange means is 
equipped with a radiator, as for said gas sensitive detector means, it is desirable to be 
attached in the radiator cap at the topmost part of said radiator. 

[0023] Moreover, in the heat exchange system of this invention, while said heat 
exchange data-medium are recording means is equipped with a reserve tank, as for said 
gas sensitive detector means, it is desirable to be attached in the upper part of said 
reserve tank. 

[0024] Thus, when using a reserve tank as a heat exchange data-medium are recording 
means, using a radiator as a heat exchange means, the upper part of a radiator and the 
upper part of a reserve tank are high in location, and since there is capacity to some 
extent, the specific gas leaked in heat exchange data medium is from an assembly or a 
cone. Moreover, since such a location is a location which is comparatively easy to 
remove even if a gas sensitive detector means is established, it can perform a 
maintenance, exchange, etc. of a gas sensitive detector means easily. 
[0025] As for the heat exchange system of this invention, being carried in vehicles is 
desirable. By the electric vehicle or hybrid vehicles, it becomes possible a fuel cell and to 
detect exsorption of the specific gas to the inside of heat exchange data medium at an 
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early stage by carrying the above-mentioned heat exchange system in such a case, since 

it is also when a hydrogen storing metal alloy tank etc. is carried further. 

[0026] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is 
explained based on an example. Drawing 1 is the block diagram showing the heat 
exchange system as the 1st example of this invention. 

[0027] The heat exchange system of this example is a system which can heat the 
hydrogen storing metal alloy tank 40, and is carried in an electric vehicle, hybrid 
vehicles, etc. carrying these fuel cells 30 and the hydrogen storing metal alloy tank 40 
with these while it makes a fuel cell 30 cool. 

[0028] As shown in drawing 1 , this heat exchange system is mainly equipped with a 
radiator 10, cooling water ways 60*64, Water pumps 70 and 76, bulbs 72 and 74, and a 
reserve tank 20, and cooling water is used for it as heat exchange data medium which 
flows the inside of these systems. Although ordinary water may be used as cooling water, 
it is desirable to use the water which performed processing of rust proofing or non-**. 
[0029] Moreover, a radiator 10 is a heat exchange means for making the cooling water 
which was able to be warmed with the fuel cell 30 cool, and is equipped with the upper 
tank 12 and ROATANKU 14 which collect cooling water temporarily, and the core 16 
which lets cooling water pass. The core 16 is constituted in the shape of a mesh 
combining the thin water tube with which cooling water flows, and the metal plate of 
the shape of a wave of a corrugated fin, although not illustrated in drawing 1 . 
[0030] Once the cooling water which was able to be warmed with the fuel cell 30 flows 
into the upper tank 12 and is stored there, it passes along the inside of the water tube in 
a core 16, results in ROATANKU 14, and is stored there again. When cooling water 
passes along the inside of a water tube, with the fin which touches it, heat is taken and 
cooling water is cooled. When vehicles are running in the fin, it is cooled by a transit 
wind or the cooling fan (not shown) formed behind a radiator 10. 

[0031] The cooling water which carried out such, was cooled and was stored in 
ROATANKU 14 flows out from ROATANKU 14, and results in a fuel cell 30 through a 
cooling water way 60. In the middle of a cooling water way 60, Water pump 70 is 
arranged and the cooling water which flows the inside of a cooling water way 60 is 
circulated compulsorily. Water pump 70 and below-mentioned Water pump 76 are all 
electric, and are driven. 

[0032] The cooling water which resulted in the fuel cell 30 goes into the manifold (not 
shown) of the circulating- water -flow necessity of a fuel cell 30, after that, it is shunted, 
flows the circulating-water-flow way in a single eel of each ** eel, and cools the anode 
and cathode of each ** cel. At this time, cooling water itself can be conversely warmed 
by having taken heat from the anode and the cathode. And the cooling water which 
flowed the circulating-water-flow way in these single eel is collected again, results in the 
manifold of circulating- water-flow delivery volume, and flows out out of a fuel cell 30. 
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[0033] The cooling water which came out of the fuel cell 30 passes along a cooling water 
way 61, after that, it dichotomizes, and one side is led to a bulb 72 and another side is 
led to a bulb 74. These bulbs 72 and 74 switch alternatively whether the cooling water 
which was able to be warmed with the fuel cell 30 is led to the hydrogen storing metal 
alloy tank 40, and the hydrogen storing metal alloy tank 40 is heated, or it does not heat. 
[0034] For example, although, as for the cooling water which was able to be warmed, an 
influx and the hydrogen storing metal alloy tank 40 are heated to the hydrogen storing 
metal alloy tank 40 side through a cooling water way 62, the cooling water which was 
able to be warmed when the aperture and the bulb 74 had closed [ the bulb 72 ] bypasses 
the hydrogen storing metal alloy tank 40 conversely, and a bulb 72 does not present 
heating of the hydrogen storing metal alloy tank 40, when closing and a bulb 74 are 
open. 

[0035] The hydrogen storing metal alloy 42 is packed in the hydrogen storing metal 
alloy tank 40. As everyone knows, if a hydrogen storing metal alloy 42 is heated, it will 
produce endothermic reaction and will emit hydrogen, and when it cools, it has the 
property which produces an exothermic reaction and carries out occlusion of the 
hydrogen. Therefore, he stops supply of the cooling water to the hydrogen storing metal 
alloy tank 40 which was able to be warmed, and is trying to supply the cooling water 
which was able to be warmed on the hydrogen storing metal alloy tank 40 like the above 
to take out the hydrogen which was carrying out occlusion out of the hydrogen storing 
metal alloy tank 40, to try to heat the hydrogen storing metal alloy 42 in the hydrogen 
storing metal alloy tank 40, and to lower the temperature of the hydrogen storing metal 
alloy 42 in the hydrogen storing metal alloy tank 40 to reverse to carry out occlusion of 
the hydrogen into the hydrogen storing metal alloy tank 40. 

[0036] When the cooling water which was able to be warmed is supplied to the hydrogen 
storing metal alloy tank 40, the cooling water flows the cooling water pipe 44 plotted in 
the hydrogen storing metal alloy tank 40, and heats the hydrogen storing metal alloy 42 
in the hydrogen storing metal alloy tank 40. 

[0037] After the cooling water which heated the hydrogen storing metal alloy 42 comes 
out of the hydrogen storing metal alloy tank 40, it passes along cooling water ways 63 
and 64, and is returned to the upper tank 12 of a radiator 10. Moreover, in the middle of 
a cooling water way 63, Water pump 76 is formed and the cooling water which passed 
along the hydrogen storing metal alloy tank 40 is circulated compulsorily. Therefore, a 
bulb 72 will drive Water pump 76, when closing and a bulb 74 are open. 
[0038] On the other hand, when not supplying cooling water to the hydrogen storing 
metal alloy tank 40, the cooling water which came out of the fuel cell 30 and which was 
able to be warmed passes along a bulb 72 and a cooling water way 64, and is returned to 
the upper tank 12 of a radiator 10. 

[0039] The radiator cap 18 which serves as a pressure regulating valve is formed in the 
upper part of the upper tank 12, and the cooling water pipe 65 is prolonged toward the 
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reserve tank 20 from the radiator cap 18. 

[0040] As a reserve tank 20 is shown in drawing 1 , it is the reserve tank of simple 
closed mold, and between atmospheric air, it lets the air flow conduit 66 pass in the 
reserve tank 20, and the inside of a reserve tank 20 serves as atmospheric pressure. 
[0041] Therefore, if the temperature of the cooling water in the upper tank 12 goes up, 
ebullition occurs in a part and the inside of the upper tank 12 exceeds a predetermined 
pressure, cooling water and the steam which blew off from there will be extruded in a 
reserve tank 20 through the cooling water pipe 65. Within a reserve tank 20, even if it 
does not cool positively, since a surrounding temperature is low, a steam is evaporated 
and returns to water 22. Then, if the temperature of the cooling water in the upper tank 
12 falls, the pressure in the upper tank 12 declines and it becomes lower than an 
atmospheric pressure, cooling water will flow in in the upper tank 12 through the 
cooling water pipe 65 again from a reserve tank 20. 

[0042] The cap 24 for cooling water supply is opened, and the upper part of a reserve 
tank 20 can be supplemented with cooling water 22, if the cap 24 for cooling water 
supply is attached and the cooling water 22 in a reserve tank 20 becomes less than a 
predetermined amount. 

[0043] The above is rough explanation of the heat exchange system shown in drawing 1 . 
In addition, the hydrogen sensor 50 and 52 grades which are the feature portion of this 
invention are explained in detail a back forge fire. 

[0044] Next, the distribution channel of the fuel gas supplied to a fuel cell 30 from the 
hydrogen storing metal alloy tank 40 is explained briefly. 

[0045] As shown in drawing 1 , hydrogen gas is first supplied to the hydrogen storing 
metal alloy tank 40 through the hydrogen gas stream ON way 80 from the exterior. If 
cooling water is supplied to the hydrogen storing metal alloy tank 40 and the hydrogen 
storing metal alloy tank 40 is cooled at this time as mentioned above, occlusion of the 
supplied hydrogen gas will be carried out to a hydrogen storing metal alloy 42. Next, if 
the temperature in a stop and the hydrogen storing metal alloy tank 40 goes up supply 
of the cooling water to the hydrogen storing metal alloy tank 40, the hydrogen gas by 
which occlusion was carried out to the hydrogen storing metal alloy 42 will be emitted 
from a hydrogen storing metal alloy 42. Therefore, if a bulb 82 is opened at this time, 
the emitted hydrogen gas will pass along the fuel gas passage 81 and 83, and will be 
supplied to a fuel cell 30 as fuel gas. In the middle of the fuel gas passage 83, the 
hydrogen Gascon presser 84 for circulating hydrogen gas, the bulb 85 for stopping 
supply of the hydrogen gas to a fuel cell 30, the flow control valve 86 for adjusting the 
flow rate of the hydrogen gas supplied to a fuel cell 30, etc. are formed. The hydrogen 
gas supplied to the fuel cell 30 goes into the manifold for a fuel gas inflow, and after that, 
it is supplied to the anode of each ** eel so that it is shunted, and it may flow and the 
gas passageway in a single eel of each ** eel may be mentioned later. The hydrogen gas 
which remained without supplying an anode is collected again, results in the manifold 
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for a fuel gas outflow, and flows out out of a fuel cell 30. And the hydrogen gas which 
flowed out passes along the fuel gas passage 87, again, is returned to the fuel gas 
passage 81, and circulates through it. 

[0046] Next, the rough configuration of a fuel cell 30 is explained using drawing 2 . 
Drawing 2 is the cross section having shown roughly the stack structure and the single 
cellular structure in the fuel cell 30 in drawing 1 . In drawing 2 , the cross section of the 
single cellular structure to which (a) expanded the cross section of stack structure, and 
(b) expanded the single eel portion of (a) is shown, respectively. 

[0047] as shown in drawing 2 (b), one single eel comes out with the electrolyte film 35, 
the anode 36 and cathode 37 which are the diffusion electrode which puts it from both 
sides, and the separator 34 of two sheets which puts them from both sides further, and 
is constituted. Irregularity is formed in both sides of a separator 34, and the gas 
passageway in a single eel is formed in them between the anodes 36 and cathodes 37 
which were put. Among these, the air to which the hydrogen gas which is fuel gas 
supplied to the gas passageway 32 in a single eel formed between anodes 36 as 
mentioned above contained the oxygen which is oxidation gas in the gas passageway 33 
in a single eel formed between cathodes 37 is flowing, respectively. 

[0048] Moreover, irregularity is formed also in the field of the separator 34 which 
separator 34 comrades which adjoin every two single eels as this example shows to 
drawing 2 (a) have touched directly, and touches directly [ these ], the 
circulating-water-flow way 31 in a single eel is formed between the adjoining separators 
34, and the cooling water supplied as mentioned above is flowing. 

[0049] As shown in drawing 2 (a), the cooling water which flows the 
circulating- water-flow way 31 in a single eel, the hydrogen gas which flows the gas 
passagewaies 32 and 33 in a single eel, and oxidation gas are usually completely 
separated by the separator 34. However, when the fuel cell 30 was used over the long 
period of time, the crack arose, or the seal member (not shown) which is carrying out the 
seal of the periphery of a separator 34 to the separator 34 deteriorated, and there was a 
case where the hydrogen gas which flows the gas passagewaies 32 and 33 in a single eel 
leaked the circulating- water-flow way 31 in a single eel in the flowing cooling water. 
[0050] On the other hand, as the hydrogen storing metal alloy tank 40 is usually shown 
in drawing 1 , the supplied cooling water is flowing the inside of the cooling water pipe 
44 plotted in the hydrogen storing metal alloy tank 40, and is isolated completely 
[ hydrogen gas ]. However, the wall surface of the cooling water pipe 44 deteriorated by 
use over a long period of time, and also when leaking out in the cooling water with 
which the hydrogen gas which drifts the upper part in the hydrogen storing metal alloy 
tank 40 flows the inside of the cooling water pipe 44, it was. 

[0051] Thus, when hydrogen gas leaks out in cooling water, the hydrogen gas turns into 
air bubbles in cooling water, and, thereby, there is a possibility of producing the 
problem that the heat exchange engine performance of the whole heat exchange system 
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will fall. 

[0052] So, in this example, even if hydrogen gas leaks. out in cooling water, in order to 
detect it at an early stage and to enable it to tell the operator of vehicles in this way, the 
following configurations are taken. 

[0053] That is, in the heat exchange system of this example, as shown in drawing 1 , the 
hydrogen sensors 50 and 52 are first provided in the radiator cap 18 at the topmost part 
of a radiator 10, and the upper part of a reserve tank 20, respectively. If hydrogen exists 
in a gas, these hydrogen sensors 50 and 52 are compared, even when they are little, they 
will detect it, and will output a detecting signal, respectively. 

[0054] Next, while forming a control section 90, the hydrogen gas leakage warning lamp 
92 is formed in the front panel of a driver's seat. If a control section 90 inputs the 
detecting signal from the hydrogen sensors 50 and 52 and exsorption of the hydrogen 
gas to the inside of cooling water is detected, it will output a driving signal. The 
hydrogen gas leakage warning lamp 92 will be turned on by it, if a driving signal inputs 
from a control section 90. 

[0055] If hydrogen gas leaks out in cooling water, the hydrogen gas will turn into air 
bubbles, will flow a cooling water way with cooling water, and will gather for the portion 
in a heat exchange system which is high in location and moreover has capacity to some 
extent. That is, the hydrogen gas which turned into air bubbles gathers in the upper 
part in the upper tank 12 of the highest radiator 10 in location, i.e., the portion of the 
radiator cap 18, in a heat exchange system first. And if the pressure in the upper tank 
12 is high, as mentioned above, since cooling water is extruded by the reserve tank 20 
through the cooling water pipe 65 from the upper tank 12, the hydrogen gas which 
gathered in the upper tank 12 will also be extruded by the reserve tank 20 together at 
this time, the hydrogen gas extruded with cooling water serves as air bubbles in cooling 
water 22, appears to the water surface, and drifts the upper part in a reserve tank 20 
after that " things ** 

[0056] Therefore, hydrogen gas leaks out in cooling water like the above by forming the 
hydrogen sensors 50 and 52 in the radiator cap 18 of a radiator 10, and the upper part of 
a reserve tank 20, respectively, and if hydrogen gas gathers, the hydrogen sensors 50 
and 52 will detect these hydrogen gas in the upper part in the upper tank 12, or the 
upper part in a reserve tank 20, and will output a detecting signal to them. A control 
section 90 tells that would output the driving signal to the hydrogen gas leakage 
warning lamp 92, this would turn on the hydrogen gas leakage warning lamp 92, and 
hydrogen gas will have leaked out into cooling water to the operator by the detecting 
signal if exsorption of the hydrogen gas to the inside of cooling water is detected. 
[0057] As mentioned above, in the heat exchange system of this example, even if 
hydrogen gas leaks out in cooling water, the hydrogen sensors 50 and 52 can detect that 
immediately, and an operator can be told with the hydrogen gas leakage warning lamp 
92. Therefore, if an operator notices lighting of the hydrogen gas leakage warning lamp 
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92, he can take out vehicles to check immediately and can have repair, exchange of 
components, etc. performed if needed. Moreover, when the hydrogen gas which gathered 
in the upper tank 12 of a radiator 10 opens the radiator cap 18, the hydrogen gas 
gathering in the upper part of a reserve tank 20 can be emitted into ease and 
atmospheric air by opening the cap 24 for cooling water supply. Furthermore, since the 
hydrogen sensors 50 and 52 are formed in the location which is comparatively easy to 
remove, respectively, they can perform a maintenance, exchange, etc. of these hydrogen 
sensor easily. 

[0058] Drawing 3 is the block diagram showing the heat exchange system as the 2nd 
example of this invention. As a reserve tank, the point that the heat exchange system of 
this example differs from the 1st example shown in drawing 1 is replaced with the 
reserve tank 20 of simple closed mold, and is a point using the reserve tank 100 of 
perfect closed mold. Therefore, since it is the same as that of the component shown in 
drawing 1 about other components, the explanation about them is omitted. 
[0059] Like the reserve tank 20 shown in drawing 1 , if the temperature of the cooling 
water in the upper tank 12 in a radiator 10 goes up and the inside of the upper tank 12 
exceeds a predetermined pressure, cooling water and the steam which blew off from 
there will flow into a reserve tank 100 through the cooling water pipe 68. However, in a 
reserve tank 100, since it is perfect closed mold, even if unlike a reserve tank 20 the 
temperature of the cooling water in the upper tank 12 falls and the pressure in the 
upper tank 12 declines, cooling water does not return from a reserve tank 100 to the 
upper tank 12 through the cooling water pipe 68. That is, the cooling water 22 in a 
reserve tank 100 is not from the cooling water pipe 68, and cooling water is supplied to a 
cooling water way 60 through a cooling water way 67 from the tap hole established in 
the lower part of a reserve tank 100. 

[0060] If hydrogen gas leaks out in cooling water, since hydrogen gas can gather in the 
upper part of a reserve tank 100, he is trying to form the hydrogen sensor 52 in the 
upper part of a reserve tank 100 also in this example. Thereby, also in this example, the 
same effect as the 1st example can be done so. Moreover, at this example, since the 
reserve tank of perfect closed mold is used, there is no possibility that an impurity may 
mix into cooling water, from atmospheric air. 

[0061] Now, although the hydrogen sensor was formed in the upper part of the radiator 
cap 18 of a radiator 10, or a reserve tank 20,100, you may make it prepare in each 
example explained above, in the middle of the cooling water way which connects a 
radiator 10, a fuel cell 30, or the hydrogen storing metal alloy tank 40, as shown in 
drawing 4 . 

[0062] Drawing 4 is explanatory drawing showing an example of other installations of a 
hydrogen sensor. In drawing 4 , since there is an obstruction (not shown) etc. on the way, 
the cooling water way 64 which makes cooling water flow into the upper tank 12 of a 
radiator 10 is bypassed to the convex form up. Therefore, in this detour portion, it is 
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high in location from other portions. Therefore, if hydrogen gas has leaked out in cooling 
water, the hydrogen gas which turned into air bubbles will be considered to be an 
assembly and a cone by the detour portion. Then, he is trying to form the hydrogen 
sensor 54 also in this detour portion in this modification. 

[0063] Thus, even if it forms a hydrogen sensor in the portion which is high in location 
rather than other portions in the middle of a cooling water way, the same effect as each 
above-mentioned example can be done so. 

[0064] In addition, this invention can be carried out in various modes in the range which 
is not restricted to the above-mentioned example or the above-mentioned operation 
gestalt, and does not deviate from the summary. 

[0065] Although the heat exchange system in each above-mentioned example was a 
system which heats the hydrogen storing metal alloy tank 40 using the cooling water 
which was able to be warmed by having cooled the fuel cell 30 while making the fuel cell 
30 cool using cooling water, this invention is not limited to this. That is, you may be the 
system which makes only a fuel cell 30 cool using cooling water. Or you may be the 
system which heats the hydrogen storing metal alloy tank 40 using the cooling water 
which was able to be warmed not using the cooling water which was able to be warmed 
by having cooled the fuel cell 30 by cooling other heating elements (it being an engine 
etc. in the case of auxiliary machinery and a hybrid car). 

[0066] When the sensor which can detect the hydrogen which exists in a liquid is 
developed, you may make it such a sensor used for them in each above-mentioned 
example, although the hydrogen sensors 50, 52, and 54 were sensors which all detect 
the hydrogen which exists in a gas. In that case, it becomes possible to install in any 
location in the path along which cooling water passes, without taking into consideration 
location-height, the assembly easy of hydrogen which were air-bubbles-ized. 
[0067] Although exsorption of the hydrogen gas to the inside of cooling water was 
detected using the hydrogen sensor, you may make it detect exsorption of the oxidation 
gas to the inside of cooling water in each above-mentioned example using the gas sensor 
which detects, the gas, for example, the oxidation gas, other than hydrogen. 
[0068] Although cooling water was used as heat exchange data medium, this invention 
is not limited to this and you may make it use heat exchange data medium other than 
water in each above-mentioned example. 

[0069] Moreover, although the warning lamp 92 told visually was used in each 
above-mentioned example as a means to tell an operator about exsorption of the 
hydrogen gas to the inside of cooling water, you may make it use a buzzer, a 
loudspeaker, etc. which are told with voice. 
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[Brief Description of the Drawings] 

[Drawing l] It is the block diagram showing the heat exchange system as the 1st 
example of this invention. 

[Drawing 2] It is the cross section having shown roughly the stack structure and the 
single cellular structure in the fuel cell 30 in drawing 1 . 

[Drawing 3] It is the block diagram showing the heat exchange system as the 2nd 
example of this invention. 

[Drawing 4] It is explanatory drawing showing an example of other installations of a 
hydrogen sensor. 
[Description of Notations] 
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85 - Bulb 

86 " Flow control valve 
90 " Control section 

92 - Hydrogen gas leakage warning lamp 
100 ■- Reserve tank 
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2 otcffbm^n^o ^iP7j<t«tcif btti^n 

fczkJRjffXtt. <^SP7j<2 2 4>-t?^iSi:&-3T7j<ffii:Ti£ 

[0 0 5 6] iot> ±IS©il*i:< > 7->"l^ 1 0<D7 
^X^-WT/l 8 fc'JIf— -fZlsV 2 0tD±g|5{C, ^ 
tl^tu 7j<#R-te 5 0 , 5 2£tgtt?>Ci:tC«fc»3, J« 
iPTk^tCTK^^rx^riajbT. Tv>Wy& 1 2rto± 

7k5R-fev9-5 0, 5 2*>\ *ne»7k*^fx*tttBb 
7j<«^xi«tij#^-5>7 p 9 2icmmm^mjiL-, 

tcj:t)> 7K^^XjlffiS^5V7 p 9 2teJ;TbT, SIS 
^tC. tfi^J^^sRtfX^lf ttibTl^£>C 

So 

[0 0 5 7] W±<E>«J:3K, ^fifcflJO&SSIi'X-rA 
fCfc^Tfi, tf^7j<^Oj<j!{;tfX*^ffibTfe. 7*CfR-fc: 

v-9-5 0, 5 2fcJ;oT^©c£:£ilSt;:&tBU Tkifi 
#Xitm#S^:/9 2 tc i o T^e#{c»l S-lirS £ t 

9 2©j*OTfcjKftfV\fc6» WM^r-r^fc^fCtBbT, 

Ct«f5„ ^fc. ^v'x^r i 0O777^>^ 1 2 
rttC*$ofc7j<^^X(i, 7->'l^+f»7 7'l 8*Plt 
acfcfcj:?), Ulf— 2 0©±ffifc:$fe3:r>fc7jc 

[0 0 5 8] M3l**ftffl<D3l2<Dm&m£ bT©^ 

<tAT, St^ffiBBSCUlf— 1 0 O^rfflV^fc^ 
TfeSc fcT, *©ffi©«^E3Rto^Tfi, B1C 

[0 0 5 9] 'Jif— 7"^>^ 1 0 Otcti, 0 1 {C^Lfc 
V*f-75>y'? 2 0 tmnic, 7i?JUf 1 OfcfcltST 
•y7^^>^ l 2rtO?^iP7K©fi**' s ±73^T, T-y7^^ 
1 2rtA^m^OJE7 l j«:a^5i:, ^d^Sift^mb 
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u vy—yaty? i o om uf-7^>^2 0i: 
«TUTt, rcaiztetfy-if— r*^* i o o^5)*ai* 

W6 8«ItjT77/^V^ 1 2lcm%Ctlt%i\,\ BP 
*u Ulf— 1 0 0 F«3<DiU£P7j< 2 2*4, ^zMf 
6 8 frP>T*fi& < , U If— ^"^ 1 0 0 ©TWfcRtt 
6.tlfegStiJP*^^iP7j<i^6 7^LT^iP7j<SS6 OfC 

s. 

CO 0 6 0] *H#E^JtC*3t/^Tt, ^7k4i(C7j<^^X 10 

tfaBtb-rst, u^f-^>* i o o 

wsot, y*f— i oo©±«hc*jr 
■fe>^5 2£r^tt3<fc-M;:LT^5o ctici!), 

#*IA-r£5Sfttf£v\, 

[0 0 6 1] ^WWLfc&^SSflflfcfcl^TH:, 
7j<j|t-fc:>+)-£:^> ;: :n£ l 0 7" 1 

1 0 0<D±mcMI>f2>&5telsfc 20 
«\ BUfc^-riSfc:, 7^l0tMitS3Ol 

[0 0 6 2] 0 4«7k|g-fe>-<7-©flfi£DRS«m©— 

1 2{C?^J<^!C^£#&ft£P7j<S86 4 14, fiRJ 

ffi©g|5^J: , 3ffiBW{c^<^:oTV^ i; lot, ^£P7j< 
4>tC7j<^X^iatBLTVi.fc, £USfc{tbfc7.kiR:*fX so 

4^lt5<k3tcLTV , '5o 

[00 6 3] ir<DJ:?&C, ^TKBSO^^tC^ottSffi© 

[0 0 6 4] fcfc, *^l4±t5Lfc^S6^J^)Sgfl : ^ 

[0 0 6 5] ±ELfc&**0>JK*tt*3»a«->X7 l A 
ABB** 3 0*»#LfcCfc£J:oTa«>e>ftfc?&J?* 

j^**ffl^T«i|5rttfi&3 o©**j*ai*-»s-> 
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[0 0 6 6] ±ELfc#*aWWTI4, *H8-fe>"9-5 0. 
5 2, 5 4«\ Mftfc, S[ft:fK:#ft-rS*JR*«ltt|-r 

c i:*^Riiie*-b tifc»*»ctt, ^©<£ 3 a 

[0067] ±wzLrc&mmm-eit. 7m-t>y*m^ 
t, ?^4n7j<' : f"\©7j<*7j , x©«ffi^t±i-r?.«};^^Lfc 

[0 0 6 8] ±fBLfc£*W0!n?«* P&S&SSttt LT 
J^Slzk^ffl V> 5 <t d fC L #f§Bj§ 14 c fttC t£ ft 

[0 0 6 9] $7C, ±S2Lfc&£fflKW?«\ ^iP7j<4"\ 

Stye 3*^^:/ 9 2£rffl^3<fc5fc:L7cft\ « 
*K <k o T3EP 6 5 t?-* ^ if^rffl 1^3 <fc 3 

[0®©ffi#fc8&Bj3] 

[0 1 ] #38llj©S 1 ©^Sg^Oi: ltOM->XfA 

[0 2] 0 1 K33»*8*3MtJlfi3 OlCfctt^X^-y^fi 
&RtfJli*/l/»£*ttEI«Wfc*LfcW®igT&3. 

[0 3] *56^<0»2OH*fflli:LT©«lSE«'>XT-A 
£^-f#f$0T-$>3 o 

[0 4] TkJR-bv-lT-ofl&oKllWBfOHJy^^-rBiWa 

1 O—^ifjL^ 
1 2- •7 7 -y/^^>^ 
1 4 -n7^>7 
1 6-a7 

1 s-^^x^+t -yT" 

2 2-^tK 

3 0-mmmm 

3 1 -J|l-fe;Prt?WP*i!(W 
3 2, 3 3-#-fe;brt^XjJttK 
3 4- -fe7<U— £ 
3 5-t»SI 
3 6 -77- H 

3 7-AV-K 

4 0 -7\<mWM-£&Z>? 



II 
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4 2-7km®iM'&± 

5 0, 5 2, 5 4 • ••JkJR-feV+J- 

6 0 — 6 4- -}^iP7j<K 
6 6-£*QKa* 

6 8--<^in7j< i g 

7 0 - 

7 2,7 4 ■ ■/Vl<7 
7 6-<5*—?#>7 



8 1, 8 3, 8 7 

8 2 -/W:/ 

8 4 - -7j<^75'X3>7 p U-y9- 
8 5 —>W7 

8 6-stmiyf 

9 0-MtPff 

9 2-7K*^X»m»S5y^ 

i o o-yif— 



[01] 




[03] 




BEST AVAILABLE COPY 



t&m 2001-250570 



[02] 



33 31 




[04] 



Sir 18 



-12 



(51)Int.Cl. 7 

H 0 1 M 8/00 



F I 

HO 1 M 8/00 



Z 



